The soil bacterial community in cropland is vulnerable to Cd contamination in winter rather than in summer.
Potentially toxic metal contamination exerts a significant impact on soil microbes, thus deteriorating soil quality. The seasonality also has effects in shaping soil microbial community. The soil microbial community is a crucial factor representing soil health. However, whether the influence of potentially toxic metals on the microbial community differs in different seasons are still unknown. In this study, we established nine mesocosms of three cadmium treatments to investigate the impact of Cd amendments on the bacterial community of croplands in winter and summer. High bacterial diversity was revealed from the soil samples with 31 phyla. In winter, the abundance of dominant phylum Bacteroidetes, Gemmatimonadetes, and Verrucomicrobia increased, but Firmicutes decreased in Cd-contaminated soil in winter. Meanwhile, the abundance of Actinobacteria, Planctomycetes, and Chloroflexi showed Cd dose-dependent pattern in winter. In summer, the phylum Gemmatimonadetes and Verrucomicrobia decreased along with Cd dosing, while the dose-effect of Cd was found on the abundance of Actinobacteria and Chloroflexi. At the genus level, 55 genera of bacteria were significantly affected by Cd stress in winter, 24 genera decreased, 11 genera increased along with Cd gradients, and 20 genera changed depending on Cd dosage. In particular, genera Lactococcus, Psychrobacter, Brochothrix, Enhydrobacter, and Carnobacterium disappeared in Cd treatments, suggesting high sensitivity to Cd stress in winter. In summer, one genus decreased, seven genera increased with Cd dosing, and three genera were dose-dependent. The contrasting effects of Cd on soil bacterial community could be due to different edaphic factors in winter (moisture, available phosphorus, and total Cd) and summer (available Cd). Collectively, the winter-induced multiple stressors increase the impact of Cd on bacterial community in cropland. In further studies, the seasonal factor should be taken into consideration during the sampling stage.